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ABSTRACT

Non-IgE-mediated food allergic disorders account for up to 40% of milk protein allergy in infants and young children. We
aim to review the recent literature and to provide an update on diagnosis and management of food protein-induced enterocolitis
syndrome (FPIES) and food protein-induced allergic proctocolitis (FPIAP). The peer-reviewed articles indexed in PubMed have
been reviewed. FPIES manifests in infants as profuse, repetitive vomiting and lethargy, often with diarrhea, leading to acute
dehydration, or weight loss and failure to thrive, in chronic form. FPIES is caused most commonly by cow’s milk (CM) and
soy proteins; rice, oat, and other solid foods may also trigger FPIES. FPIES rarely occurs in the exclusively breastfed infants.
FPIES is underrecognized; children are often mismanaged as having acute viral gastrointestinal illness, sepsis, or surgical
disease, delaying diagnosis of FPIES for many months. Approximately 25% of children with FPIES develop food-specific IgE
antibodies and some transition to immediate food allergy; IQE positivity is associated with a more protracted course. FPIES is
a self-limiting condition, with most cases resolving by age three to five years. Ondansetron may be helpful in managing acute
FPIES. FPIAP is a benign condition of bloody stools in a well-appearing infant, with usual onset between one and four weeks
of age. Up to 60% of cases occur in exclusively breastfed infants and resolve with maternal elimination of CM and soy proteins.
The majority of cases resolve by age 12 months. FPIES may transition to IgE-mediated food allergy in some patients; IgE
positivity to the FPIES food is a marker of a more persistent disease. FPIAP is benign and resolves by age 12 months in most

patients.

(Allergy Asthma Proc 36:172-184, 2015; doi: 10.2500/aap.2015.36.3811)

Non—IgE, cell-mediated food allergic disorders en-
compass food protein-induced enterocolitis syn-
drome (FPIES), food protein-induced allergic proctocoli-
tis (FPIAP), food protein-induced enteropathy, Heiner’s
syndrome (pulmonary hemosiderosis), celiac disease,
and cow’s milk (CM) protein-induced iron deficiency
anemia.'” Because celiac disease is traditionally man-
aged by gastroenterologists, and food protein-induced
enteropathy, Heiner’s syndrome, and CM protein-in-
duced iron deficiency have become exceedingly rare in
the past four decades, this review focuses on FPIES and
FPIAP. Cell-mediated allergic reactions to CM proteins
are common and are estimated to account for approx-
imately 40% of CM allergy in infants and young chil-
dren. The overview of the major cell-mediated food
allergic disorders, excluding celiac disease, is pre-
sented in Table 1.
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FPIES

FPIES manifests usually in infants as profuse repet-
itive emesis (onset one to three hours after ingestion)
and diarrhea (onset 5-10 hours) that may be accompa-
nied by lethargy.® The respiratory and skin manifesta-
tions are absent in FPIES reactions.* FPIES is most
commonly caused by CM and soy.”™ Symptoms may
start in the newborn period or up to one year of
age.'"!! Later onset usually results from delayed intro-
duction of CM, soy, or solid foods to breastfed infants.’
In most reports, CM and/or soy FPIES in exclusively
breastfed infants is very rare, suggesting an important
protective role of breastfeeding.'>'* However, in a co-
hort of Japanese 30 infants with CM FPIES, 10% devel-
oped symptoms during breastfeeding, suggesting that
FPIES phenotype may be expressed differentially in
various ethnic groups.'** FPIES to solid foods such as
grains (rice, oat), meats, fish, egg, and vegetables have
been reported.” FPIES to fish or shellfish usually starts
in older children and adults.”*®

Clinical Features of FPIES

The manifestations of FPIES are modified by fre-
quency and dose of ingested food antigen.

Infantile Chronic FPIES

In the most severe cases, symptoms start within first
days of life in infants fed with CM- or soy-based for-

May-June 2015, Vol. 36, No. 3



Table 1. Comparison of FPIES, FPIAP, food protein-induced enteropathy, and iron deficiency anemia due to

CM
FPIES FPIAP Enteropathy Iron Deficiency
Anemia
Age at onset One day-one year Days to six Dependent on age 2-20 months
months, of exposure to

usually one

to four weeks

antigen; CM
and soy up to

two years
Food proteins
implicated
Most common CM, soy CM, soy CM, soy CM
Less common Rice, oat, barley, Wheat, egg
chicken, turkey,
fish, pea
Multiple food About 40% both Up to 20% may Rare No
hypersensitivities CM and soy react to CM
and soy or
multiple
foods
Feeding at the time Formula Breast milk Formula CM, nonhumanized
of onset CM-based
formula
Atopic background
Family history of 40%-70% 25% Unknown Unknown
atopy
Personal history 30% 20% 22% Unknown
of atopy
Symptoms
Emesis Prominent Absent Intermittent No
Diarrhea Severe Mild Moderate Minimal
Bloody stools Severe Prominent Rare No
Edema Acute, severe Mild, Moderate Mild
infrequent
Shock 15% No No No
Failure to thrive Moderate No Moderate Minimal
Laboratory findings
Anemia Moderate Mild, Moderate Moderate
infrequent
Hypoalbuminemia Acute Mild, Moderate Mild
infrequent
Methemoglobinemia May be present No No No
Acidemia May be present No No No
Allergy evaluation
Food prick skin Negative# Negative Negative Negative
test
Serum food- Negative# Negative Negative Negative
allergen IgE
Total IgE Normal or Normal or Normal Normal
elevated elevated
Peripheral blood No Occasional No No
eosinophilia
Continued
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Table 1. Continued

FPIES FPIAP Enteropathy Iron Deficiency
Anemia
Biopsy findings
Villous injury Patchy, variable No Variable, Mild
increased crypt
length
Colitis Prominent Focal No No
Mucosal erosions Occasional Occasional, No No
linear
Lymphoid No Common No No
nodular
hyperplasia
Eosinophils Prominent Prominent Few No
Food challenge Vomiting in 3—4 Usually not Vomiting and/or Usually not
hours; diarrhea necessary diarrhea in 40- necessary
in five to eight 72 hours
hours
Treatment Protein Protein Protein Whole CM protein
elimination, elimination elimination, elimination,
80% respond to from the symptoms clear feeding with

Natural history

Reintroduction of
the food into the
diet

casein
hydrolysate and
symptoms clear
in 3-10 days;
rechallenge in
1.5-2 years

CM: 60%
resolved by two
years

Soy: 25%
resolved by two
years

Inpatient food
challenge

maternal diet
or
hypoallergenic
formula,
approximately
10% may
need
elemental
formula
Reintroduce
food protein
after 12
months
Majority
resolve by
age 12
months

Home,
gradually
advancing

in one to three
weeks,
rechallenge and
biopsy in one to
two years

Most cases
resolve in two
to three years

Home, gradually
advancing

humanized CM-
based formulas

Most cases resolve
by three years

Home, gradually
advancing

FPIES = food protein-induced enterocolitis syndrome; FPIAP = food protein-induced allergic proctocolitis; CM = cow’s milk.

# = if positive, may be a risk factor for persistent disease.

mula with intermittent emesis and chronic diarrhea
(may be bloody), without specific temporal association
with food ingestion.'*!”'® Lethargy, abdominal disten-
sion, weight loss, dehydration, metabolic acidosis, ane-
mia, elevated white blood count with eosinophilia, and
hypoalbuminemia may follow. Intramural gas is seen
on abdominal radiographs, prompting a diagnosis of
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necrotizing enterocolitis, sepsis evaluation, and antibi-
otic treatment.”" Overall, 75% of infants appear
acutely ill; approximately 15% are hypotensive and
require hospitalization.” Transient methemoglobin-
emia was reported in 1/3 of young infants with severe
reactions and acidemia; some required treatment with
methylene blue and bicarbonate.®® Methemoglobin-
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emia may be caused by an elevation of nitrites result-
ing from severe intestinal inflammation and reduced
catalase activity.

Acute FPIES

Acute FPIES can be caused by CM, soy, and solid
foods in infants and young children; in adults by sea-
food, especially mollusks. Symptomatic infants with
chronic FPIES improve within 3-10 days with i.v. flu-
ids or with hypoallergenic formula.'® Food reintroduc-
tion after a period of avoidance induces acute symp-
toms; usually, repetitive (up to 10-20 times), projectile,
emesis starts within one to three hours after ingestion.
Infants and children appear ill, pale, and lethargic.
Diarrhea usually starts within 2-10 hours (mean onset,
five hours) with blood, mucous, leukocytes, eosino-
phils, and increased carbohydrate content.'® Diarrhea
is more common in infants and in severe reactions;
diarrhea may be absent in less severe acute reactions
(such as during the food challenge) and in older chil-
dren.” Some patients become hypotensive and develop
hypovolemic shock.'®*'¢ Peripheral blood neutrophil
counts are elevated in positive challenges, peaking at
six hours, and returning to baseline within 18-24
hours.'® In the extreme cases, severe abdominal disten-
sion may raise suspicion of ileus and leads to an ex-
ploratory laparotomy.** The typical features of chronic
and acute CM and soy FPIES are presented in Table 2.

Offending Foods

The majority (~60%) of patients react to a single
food.®” The most common foods are CM and soy; up to
40% infants may react to both foods. FPIES may also be
caused by other solid foods such as rice, oat, barley,
chicken, turkey, egg white, green pea, and peanut.>!
Mean age at onset of solid food FPIES tends to be
higher than the mean age of onset of CM and soy
FPIES, likely reflecting the older age of usual introduc-
tion of solids into the diet.” Among infants with solid
food FPIES, 65% were previously diagnosed with CM
and/or soy FPIES and fed with casein hydrolysate- or
amino acid-based formula; 35% were breastfed."’

FPIES in Adults

In adults, mollusks (scallop), crustacean shellfish,
and fish hypersensitivity may provoke a similar syn-
drome with severe nausea, abdominal cramps, pro-
tracted vomiting, and diarrhea.'®

Epidemiology of FPIES

Prevalence of FPIES in the United States is not
known; in general, gastrointestinal immune reactions
to CM proteins that are mediated by T-lymphocytes
with or without contribution of specific IgE antibody
are estimated to account for up to 40% of CM protein
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hypersensitivity in infants and young children.”” In a
large unselected population-based birth cohort study
in Israel, CM FPIES was reported in 0.34%, whereas
IgE-mediated food allergy was reported in 0.5% of the
infants under 12 months of age.®

Family history of atopy is positive in 40%-80% of
patients; family history is positive for food allergy in
approximately 20% of the cases.'” Approximately 30%
of infants with FPIES develop atopic diseases such as
eczema (23%-57%), asthma or rhinitis (20%), or drug
hypersensitivity later in life, similar to the general pop-
ulation. Up to 40% may have evidence of IgE positivity
to other foods.®” Family history of FPIES is reported
in 6%.”

Diagnosis of FPIES

Diagnosis is based on the history, clinical features,
exclusion of other etiologies (Table 3), and food chal-
lenge (Table 4).* Delayed diagnosis is common and
may be due to the low index of suspicion due to the
lack of typical cutaneous and respiratory allergic
symptoms. Furthermore, rice, oat, and vegetables
rarely cause IgE-mediated allergy, are considered hy-
poallergenic, and not suspected as culprits in severe
allergic reactions. Lack of definitive diagnostic tests
also contributes to the delayed diagnosis. In contrast to
the majority of patients from United States, Europe,
Australia, and Israel, 47% of Japanese infants with CM
FPIES have detectable serum CM-specific IgE.'* Data
from Japan suggest that race or ethnicity may influence
FPIES phenotype.'

Based on the presumed pathophysiology involving T
cells, atopy patch test (APT) was evaluated for diagno-
sis of FPIES, with conflicting results. Currently, APT is
not recommended for FPIES diagnosis.®****

Oral food challenge (OFC) is the gold standard for
diagnosing FPIES. However, most infants do not need
to undergo confirmatory OFC for the initial diagnosis,
especially if they have a classic history of severe, re-
peated reactions and become asymptomatic after elim-
ination of the suspected food." OFCs are necessary to
determine whether FPIES resolved and whether the
food may be reintroduced into the diet.

Hypoalbuminemia and weight gain less than 10
g/day were identified as independent predictors of
CM FPIES in young infants with chronic gastrointesti-
nal symptoms.'’ Stool examination in infants with
chronic FPIES and diarrhea is nonspecific and shows
occult blood, intact polymorphonuclear neutrophils,
eosinophils, Charcot-Leyden crystals, and reducing
substances.

Before establishment of the diagnostic criteria, en-
doscopy in symptomatic infants with CM and/or soy
FPIES showed rectal ulceration and bleeding with fri-
able mucosa.'” In infants with chronic diarrhea, rectal
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Table 2. Manifestations of chronic and acute FPIES

Chronic* FPIES

Acute FPIES

Food ingestion

Onset of symptoms

Food ingested on a regular basis, initially
described in young infants being fed
with milk or soy-based formulas; food
ingestion after a period of avoidance
results in the symptoms of acute FPIES

Intermittent vomiting without clear
temporal association with food
ingestion, chronic diarrhea that may
contain blood or mucous; may lead to
weight loss or failure to thrive

Food ingested on an intermittent basis or
after a longer period of avoidance

Typical onset of vomiting in one to three
hours, accompanied by pallor, lethargy;
may be followed by diarrhea in five to
eight hours in some patients

Symptoms and signs Intermittent vomiting
Diarrhea

Lethargy

Pallor

Weight loss

Failure to thrive
Severe

Bilious vomiting
Bloody diarrhea
Abdominal distention
Dehydration
Limpness

Dusky appearance

Anemia
Hypoalbuminemia
Leukocytosis with left shift
Eosinophilia

Metabolic acidosis

Laboratory findings

Methemoglobulinemia
Stool reducing substances

Repetitive, vomiting (95%-100%)
Lethargy (75%-85%)

Pallor

Dehydration

Diarrhea (25%—-40%)

Severe

Repetitive, projectile vomiting,

up to 10-20 times

Bilious vomiting

Bloody diarrhea

Abdominal distention

Limpness

Dusky appearance

Hypotension (15%—-20%)

Temperature, less than 36°C

Neutrophilia, more than 3500 cells/mL

peaking at approximately six hours

Thrombocytosis more than 500 X 10°/L

Elevated gastric juice

leukocytes more than 10/hpf at three
hours (research setting)

Metabolic acidosis

Methemoglobulinemia

Fecal leukocytes and eosinophils

FPIES = food protein-induced enterocolitis syndrome; FPIAP = food protein-induced allergic proctocolitis; * = chronic FPIES
phenotype has been reported in young infants continuously fed with milk or soy-based formula. It is unclear whether chronic

FPIEs can be caused by solid foods in older children.

Source: Ref. 56. Reprinted with permission from Nowak-Wegrzyn and Konstantinou.

bleeding, and/or failure to thrive, radiographs showed
air fluid levels, nonspecific narrowing and thumb-
printing of the rectum and sigmoid, and thickening of
the plicae circulares in the duodenum and jejunum
with excess luminal fluid.*> When laparotomy was
performed in suspected ileus, distention of small bowel
loops and thickening of the jejunum wall distal to
Treitz’s ligament with diffuse subserosal bleeding
were reported.” Follow-up studies performed on a
restricted diet in asymptomatic patients documented
resolution of radiologic abnormalities.
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OFC in FPIES

OFCs can be used to establish diagnosis of FPIES or
to determine whether FPIES has resolved. According
to one conservative approach, follow-up challenges are
recommended every 1824 months in patients without
recent reactions.

OFC in FPIES should be performed under physician
supervision.! A placement of a secure peripheral ve-
nous access before the OFC is recommended for those
patients with past severe reactions and is advisable in
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Table 3. Differential diagnosis of FPIES

Condition

Distinction from FPIES

Gastrointestinal viral illness or food
poisoning

Sepsis

Anaphylaxis

Inborn errors of metabolism

Congenital methemoglobinemia

Cardiovascular or neurologic
disorders

Gastroesophageal reflux disease

Intussusception

Hirschprung disease

NEC

Fever and sick contacts are typically present, emesis unrelated to
ingestion of the same particular food

Antibiotics required for recovery

Symptom onset acute (~0.5-1 hour), IgE-mediated symptoms
involving the skin or respiratory system are present,
epinephrine helpful

Developmental delay, neurologic manifestations, organomegaly

Cyanosis in an otherwise asymptomatic infant

Acute reaction on reexposure to particular foods missing,
gastrointestinal symptoms less prominent

Only upper intestinal symptoms are present

Intermittent, severe, crampy, progressive abdominal pain
episodes

The characteristic delay in passage of the first meconium, fever,
and abdominal distention

Apnea or respiratory failure, prominent abdominal distention,

and tenderness present

Proctocolitis

Food protein-induced enteropathy

Infant is typically well appearing and thriving, exclusively
breastfed
Acute reaction on reexposure missing, vomiting less prominent,

less severe presentation with no bloody diarrhea,
methemoglobinemia, or acidemia

Eosinophilic gastroenteropathies

Acute onset (approximately two hours) of gastrointestinal and

systemic symptoms is missing, more often positive IgE tests
and multiple food triggers

FPIES = food protein-induced enterocolitis syndrome; NEC = necrotizing enterocolitis. Source: Ref. 3. Reprinted with

permission from Jirvinen and Nowak-Wegrzyn.

infants and older patients with anticipated difficult i.v.
access. In the published studies, between 45% and 95%
of the reactions during the challenge were treated with
i.v. fluids and/or steroids.>*" Guidelines for FPIES-
OFC are presented in Table 4.>°7° The criteria for OFC
positivity have been proposed by Powell'® and modi-
fied by Sicherer et al.” (Table 4).

Management

Management relies on the food avoidance, prompt
treatment of accidental reactions, anticipatory guid-
ance regarding introduction of new foods, and periodic
reevaluations for tolerance.

Avoidance

The principles of avoidance are similar to IgE-medi-
ated food allergy. Extensively hydrolyzed casein for-
mula is recommended for infants that cannot breast-
feed, because concomitant CM and soy FPIES occur in
up to 40% of cases.”” In the majority of infants with
CM and/or soy FPIES, symptoms resolve within 3-10
days of starting extensively hydrolyzed casein for-
mula. Rarely, patients need amino acid-based formula
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or bowel rest and temporary i.v. fluids.” Infants with
multiple food FPIES, especially those breastfed are at
risk to develop food refusal and may benefit from
feeding therapy.?’*®

Treatment of Acute FPIES Reactions

Rapid i.v. hydration (20-mL/kg normal saline bolus)
is the first-line therapy for the severe acute reactions at
large or during OFC. Lv. corticosteroids are often used
for severe reactions, based on the presumed T cell-
mediated intestinal inflammation. Epinephrine should
be available for potential severe cardiovascular reac-
tions with hypotension and shock. However, adminis-
tration of epinephrine does not improve the symptoms
of emesis and lethargy, which, however, resolve
promptly with vigorous i.v. fluid administration.'®

A small case series suggested effectiveness of i.v.
ondansetron for stopping emesis induced during
FPIES OFC.* Five children older than three years
with emesis during FPIES OFC were treated with
ondansetron, 0.2 mg/kg per dose together with i.v.
physiologic saline bolus. Three of the four children
treated with i.v. ondansetron experienced resolution
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Table 4. Oral food challenge for FPIES

Basic requirements

Baseline laboratory tests
Challenge administration

Physician supervision

Consider securing peripheral intravenous access*

Immediate availability of fluid resuscitation

Peripheral neutrophil count (CBC with differential)

Food amount is calculated as 0.06-0.6 g**/kg body weight in three equal
doses, generally not to exceed total 3-g protein or 10 g of total food
(100 mL of liquid)

Food is divided in three equal portions and fed over 30 minutes if food-

specific IgE is negative
Modification of the challenge and more incremental dosing is used for
patients with positive food-specific IgE due to the risk for immediate

reactions
Treatment of the reaction

Fluid resuscitation: 20-mL/kg intravenous boluses of normal saline

Steroids: methylprednisolone 1-mg/kg intravenous, max 60-80 mg

A majority (more than 50%) of positive challenges require treatment with
intravenous fluids and steroids

The role of intravenous ondansetron 0.2 mg/kg per dose in the
management of acute FPIES reactions is being currently evaluated

Epinephrine and antihistamines do not appear to resolve emesis and
lethargy in FPIES; however, vasopressors may be necessary for
management of shock

Postchallenge laboratory tests

Peripheral neutrophil count (CBC with differential): at six hours if the

patient reacted or at discharge if the patients tolerated the challenge
If stool sample available: test for occult blood and stool smear for

leukocytes
Postchallenge observation

About six hours after the resolution of symptoms or four hours after

feeding in case of no symptoms

Criteria for positive challenge

Emesis (typically in one to three hours), diarrhea (typically in five to

eight hours), fecal leukocytes, fecal eosinophils, and increase in
peripheral neutrophil count more than 3500 cells/mm? peaking at six
hours. The challenge is considered positive when three of five criteria
positive, and equivocal when two of five criteria are met. However, in
the more recent reports, diarrhea was not observed during the OFC as
frequently and the magnitude of neutrophil increase was not as
pronounced as reported by Powell.*® Therefore, the diagnostic criteria
may need to be modified. The international work group has been
formed by the AAAAI and the IAFPE to update the diagnostic
guidelines for FPIES. The guidelines are expected to be published in

2015.

FPIES = food protein-induced enterocolitis syndrome; OFC = oral food challenge; IAFPE = International Association for Food
Protein Enterocolitis; * = consider securing venous access prior to the challenge in the patients with previous history of severe
reactions or those with anticipated difficult access, e.g., infants; ** = lower challenge doses are used for patients with history

of severe reactions.

Source: Ref. 56. Reprinted with permission from Nowak-Wegrzyn and Konstantinou.

of emesis and lethargy within 10-15 minutes,
whereas one required an additional ondansetron
dose. Another child, treated with oral ondansetron,
required an additional i.v. ondansetron dose to im-
prove severe abdominal pain. Another small case se-
ries in young Italian children reported effectiveness of
intramuscular ondansetron for management of acute
FPIES in young children during OFC in the physician’s
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office.*” Ondansetron is a serotonin 5-hydroxytrypta-
mine receptor antagonist used to treat nausea and
vomiting, often after chemotherapy but also in viral
gastroenteritis. Ondansetron reduces central and pe-
ripheral vagus activity. Ondansetron is generally well
tolerated; special caution may be warranted in children
with underlying heart disease, due to the potential to
prolong QT interval.
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Table 5. Empirical recommendations for dietary management of FPIES

Milk/Soy  Solid Food Milk/Soy and Solid
FPIES FPIES Food FPIES
0-12 months
Avoid CM and soy X X
Exclusive breastfeeding’ or extensively hydrolyzed casein X X
formula® or consider soy OFC in case of milk FPIES
Introduce yellow vegetables X X X
Avoid grains’, legumes, poultry X* X*
more than 12 months
Avoid trigger foods, OFC with reactive food every 18 months X X X
Exclusive breastfeeding’ or extensively hydrolyzed casein X X
formula® or consider soy OFC in case of milk FPIES
Consider OFC with milk or soy if not tried X X X
Consider OFC with grains, legumes, poultry if not tried X* x*

No controlled trials have been performed to determine optimal timing of introduction in infants and toddlers with FPIES.
FPIES = food protein-induced enterocolitis syndrome; OFC = oral food challenge; CM = cow’s milk.

! No maternal elimination diet recommended unless reactions to food through breast milk.

2 If not tolerated, an amino acid based formula should be initiated.

3 Including oat, rice, wheat, barley, or rye.

* Oral food challenges may be necessary to introduce new solid foods to children with multiple food FPIES.
Source: Ref. 3. Reprinted with permission from Jiarvinen and Nowak-Wegrzyn.

Emergency treatment plans outlining clinical fea-
tures and management of acute reactions should be
provided to patients with FPIES (a template can be
accessed on the International Association for Food Pro-
tein Enterocolitis website, http://iaffpe.org/docs/
Emergency_Plan.pdf). Mild reactions may be managed
with careful oral rehydration at home. Patients with
more severe reactions require resuscitation in the
emergency department or inpatient unit.

Introduction of New Foods

The empiric guidelines for food introduction are pre-
sented in Table 5 (see also Fig. 1).

Periodic Reevaluations to Assess for Resolution of
FPIES

Foods that have caused FPIES reactions in the past
should generally be reintroduced under physician su-
pervision during a formal OFC.

The timing of OFCs to determine resolution has not
been systematically investigated. In the United States
experience, a diagnostic OFC is usually attempted
within 12-18 months after the most recent reaction.”>?
However, a prospective study from Korea suggested
that earlier rechallenging might be considered.'’ In
that study, among 23 infants with CM or soy FPIES
(diagnosed at a median age 36 days, range 13-58 days)
followed until two years of age, tolerance rates to CM
and soy were 27% and 75% at six months, 42% and 91%
and eight months, and 64% and 92% at 10 months,
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respectively. CM FPIES resolved in all children by age
two years; soy FPIES resolved by age 14 months. In a
prospective cohort study from Israel, all children were
diagnosed with CM FPIES by age six months, and 50%
of them resolved CM FPIES within first year of life,
89% by age two years, and 90% by age three years.® In
contrast, retrospective studies from the United States
report lower rates of resolution of FPIES to CM or soy,
35% by age two years, 70% by age three years, and 85%
by age five years.®” These differences may reflect var-
ious study designs and/or selection bias toward more
severe and persistent phenotype among children eval-
uated at the referral allergy centers compared with
those identified from general population. Current data
support performing OFCs to CM after 12 months of
age, whereas soy challenges may be considered after
six months of age.”'**!

There are no data on resolution of FPIES to seafood
in older children and adults. Periodic reevaluations
should be considered in these patients

IgE Testing in FPIES

FPIES is classified as a non-IgE-mediated disorder,
because in the majority of the patients, systemic IgE
antibodies specific for the FPIES food are undetect-
able."'*#*%3 Studies report that 4-25% of children di-
agnosed with FPIES initially have or develop food-
specific IgE.>*? Children with CM FPIES who develop
systemic CM-specific IgE appear to have delayed res-
olution of FPIES.””?> Most of the children with food-
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http://iaffpe.org/docs/Emergency_Plan.pdf
http://iaffpe.org/docs/Emergency_Plan.pdf

Strict avoidance of the offending food for about 12-18 months
Gradual introduction of new foods

Confirmed FPIES

i

Interim accidental reactions

Yes

No

Continue avoidance
Re-evaluate in 12-18 months

Perform skin prick test and / or serum
level of food-specific IgE antibody

Perform an oral food challenge under physician
supervision with intravenous line in place

Obtain baseline CBC with differential
Administer 3 equal doses of food over 45 minutes

challenge under physician supervision with intravenous

minutes due to the risk of an acute allergic reaction

Consider delaying OFC or perform an oral food

line in place; obtain baseline CBC with differential;
administer incremental doses of food every 10-15

. Poq:.
M

No symptoms after 4-6 hours
FPIES resolved
Add food to the diet at home

Symptoms [emesis, lethargy, pallor, diarrhea]
and elevated neutrophil count
Continue strict food avoidance,
re-evaluate in 12-18 months

Figure 1. Empiric management of FPIES. Source: Ref. 56. Reprinted with permission from Nowak-Wegrzyn and Konstantinou.

specific IgE antibodies retain the FPIES phenotype.
However, a subset may change to immediate IgE-me-
diated food allergy. In one study, 35% of the children
with CM-induced FPIES who developed CM-specific
IgE antibodies experienced immediate allergic mani-
festations of CM allergy.” Although this observation
needs to be validated in prospective studies, we rec-
ommend allergy evaluations for food specific IgE be-
fore performing an OFC to the FPIES food and, if
positive, to modify the challenge procedure to admin-
ister incrementally increasing doses of the food, as per
the standard for challenges for IgE-mediated food al-
lergy."** The food APT is not routinely recommended
for follow-up evaluation in FPIES.®%3%*

Natural History

In general, FPIES is a self-limiting condition that
resolves with age and has no long-lasting sequelae.”
The data on FPIES resolution vary widely, depending
on the food and the population studied.* In the Israeli
population-based cohort, 90% of CM FPIES resolved
by age three years.® In a small prospective study from
Korea, among 23 infants with CM or soy FPIES, CM
FPIES resolved in all children by age two years; soy
FPIES resolved by age 14 months.'” In a retrospective
United States study, overall significantly lower rates of
resolution of FPIES were found, 35% by age two years,
70% by age three years, and 85% by age five years.® In
a mixed-design United States study, overall median
age at resolution of CM FPIES was 13 years, whereas

180

the median age for patients with undetectable CM-IgE
was five years.” These differences may reflect differ-
ences in study designs and/or selection bias toward
more severe and persistent phenotype among children
evaluated at the referral allergy centers compared with
those identified from general population. The age of
resolution of solid FPIES is older, approximately 50%
of children outgrow rice or oat FPIES by age four to
five years.>”* There are no data on resolution of FPIES
to seafood in older children and adults.

FPIES rarely develops to foods upon initial feeding
beyond one year of age, although onset of FPIES to fish
and shellfish has been reported in older children and
adults. For example, wheat allergy has not been re-
ported in infants with oat- or rice-induced FPIES, but
introduction of wheat was significantly delayed, pre-
sumably avoiding the “window of physiologic suscep-
tibility” for FPIES development.>” Patients presenting
initially or developing food-specific IgE antibodies af-
ter the diagnosis of FPIES appear to have a more pro-
tracted course.”'® It is prudent to include prick skin
testing and/or measurement of serum food-specific
IgE level in the initial as well as follow-up evaluations,
to identify patients at risk for persistent FPIES.

Pathophysiology of FPIES

The mechanisms underlying FPIES remain poorly
characterized and are summarized in Box 1.2%94¢
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Box 1. Pathophysiology of FPIES

There is evidence of T cell proliferation upon stimulation with food antigens; however, the stimulation index
is not consistently different from control, nonallergic subjects.

T cell activation by food allergens may mediate local intestinal inflammation through release of
proinflammatory cytokines, e.g., TNF-a and IFN-y, causing increased intestinal permeability and fluid shift.”

Local inflammation may be mediated by activated peripheral mononuclear cells, increased TNF-«, and
decreased expression of TGF-$ receptors in the intestinal mucosa.*®

Leukocytosis and thrombocytosis are frequently observed in FPIES reactions and are thought to reflect an

inflammatory response.

Humoral responses are poorly characterized in FPIES; IgE, IgA, and IgG4 antibody responses to casein are

generally suppressed.

A recent case series of children with FPIES successfully treated with intravenous ondansetron during the
supervised oral food challenge raised questions about the role of serotonin signaling in FPIES.*

The effectiveness of ondansetron (serotonin 5-HTj; receptor antagonist that reduces peripheral and central
activity of the vagus nerve) suggests the potential role of a neuroendocrinologic pathway in FPIES reactions.

Box 2. Biopsy findings in FPIAP

Prominent eosinophilic infiltrates in the rectal mucosa.

The number of eosinophils varies from 6 to more than 20 per 40X hpf.

Eosinophils are frequently degranulated and localized next to the lymphoid nodules.

48,52,55

There is no correlation between the degree of peripheral blood eosinophilia and the tissue eosinophilic infiltrate

within the rectosigmoid.

Eosinophil mediators induce mast cell degranulation, dysfunction of vagal muscarinic M2 receptors, smooth
muscle constriction, and stimulation of chloride secretion from colonic epithelium.

Degranulation of the eosinophils near nerves may contribute to gastric dysmotility. Experimental eosinophil
accumulation in the gastrointestinal tract is associated with the development of weight loss.*®

FPIAP

Introduction

FPIAP is a benign transient condition, which typi-
cally starts in the first few months of life with blood-
streaked stools in well-appearing infants; it is consid-
ered a one of the major causes of colitis under age one
year (Table 5)."*”*® Food protein-induced proctocolitis
was originally described by Lake et al. in 1982 in six
exclusively breastfed infants with rectal bleeding that
appeared during the first month of life.*’

Offending Foods

Approximately 60% of cases occur in breastfed in-
fants, where the immune response results from mater-
nal ingestion of the food allergen, usually CM, which is
passed in immunologically recognizable form into the
breast CM. In formula-fed infants, the reaction is asso-
ciated with CM or, less commonly, soy.***° The disor-
der has rarely been described in infants fed hypoaller-
genic, extensively hydrolyzed formulas (~4%-10%).

Epidemiology

In contrast to other forms of gastrointestinal food
hypersensitivity, FPIAP is common in breastfed in-
fants, accounting as many as 60% of cases in published
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reports.”’ Anecdotally, FPIAP is common in countries
with a lower prevalence of food allergy such as Greece
and Brazil. The exact prevalence of FPIAP is unknown;
the estimated prevalence ranges from 18% to 64% of
the infants with rectal bleeding.”** Eczema is present
in approximately 22% of the breastfed infants. Positive
family history of atopy is present in up to 25% of
infants with FPIAP.

Clinical Features

FPIAP in formula-fed infants is typically caused by
CM and soy proteins; FPIAP in breastfed infants is
usually caused by CM, soy, egg, and corn proteins.
Infants usually present in the first six months of life,
usually at one to four weeks of age with intermittent
blood-streaked normal to moderately loose stools (Ta-
ble 1). Breastfed infants are often older at the time of
initial presentation and have less severe histologic
findings.*”°'* The bleeding is often attributed to peri-
rectal fissures. However, bleeding associated with fis-
sures tends to present with streaks of blood on hard,
formed stool, whereas FPIAP presents with blood
mixed in frothy, mucousy stool. Rarely, colic or in-
creased frequency of bowel movements may be re-
ported, but failure to thrive is absent. Children with
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FPIAP may develop mild anemia or hypoalbumine-
mia. Some have peripheral blood eosinophilia, ele-
vated serum IgE antibody levels, and a positive family
history of atopy. The onset may be acute (less than 12
hours after the first feeding of the offending food), but
usually it is insidious, with a prolonged latent interval
between the introduction of the food protein and the
appearance of symptoms. The infants typically appear
well. However, increased gas (up to 30% of patients),
intermittent emesis (up to 27%), pain on defecation
(22%), or abdominal pain (up to 20%) may be present.
No anatomic abnormalities are found, and stool cul-
tures are negative for pathogens. Smears of the fecal
mucus usually reveal increased polymorphonuclear
neutrophils.

FPIAP in Breastfed Infants

Breastfed infants react to the food proteins consumed
by the mother. Elimination of offending food from the
mother’s diet usually results in gradual resolution of
symptoms in the infants and permits the continuation
of breastfeeding.”® Rarely, a casein hydrolysate for-
mula, or an amino acid-based formula, may be neces-
sary for resolution of bleeding, typically within 48-72
hours.

Breastfed infants occasionally continue to have
bleeding despite maternal avoidance of food(s). Six of
the 21 of these infants developed iron deficiency ane-
mia despite iron supplementation, but they gained
weight and had normal development; they tolerated a
regular diet by the first birthday.” The persistence of
rectal bleeding despite maternal dietary restrictions
may be explained by inability to remove all sources of
allergen from the diet or by an allergen that has not
been identified. Alternatively, the baby might react to
the human breast protein.

Diagnosis

Diagnosis relies on history of rectal bleeding, exclu-
sion of infections and other causes of rectal bleeding,
and response to an elimination diet, which typically
leads to a clinical resolution of gross bleeding within
72-96 hours.”® Occult blood may persist for longer.
Tests for IgE-mediated food hypersensitivity are neg-
ative or inconsistent and usually not useful for the
diagnosis of FPIAP, unless the condition is associated
with atopic features, such as atopic dermatitis. Exclu-
sion of causes of rectal bleeding, such as infection,
necrotizing enterocolitis, intussusception, or anal fis-
sure, is important (Table 6).

Management

Treatment relies on dietary restriction. In the breast-
fed infants, Lake proposed discontinuation of breast
milk and feeding with a casein hydrolysate formula
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Table 6. Differential diagnosis of rectal bleeding in
infancy

Severe Necrotizing Enterocolitis
Sepsis
Hirschprung’s disease
Intussusception
Volvulus
FPIES
Mild /moderate Anal fissure
Perianal dermatitis/excoriations
Gastrointestinal infection (Salmonella,
Shigella, Campylobacter, Yersinia sp,
parasites)
Coagulation disorders
Vitamin K deficiency
FPIAP

FPIES = food protein-induced enterocolitis syndrome;
FPIAP = food protein-induced allergic proctocolitis.

until resolution of bleeding, usually within 72 hours.*
Soy formula may cause bleeding in a large subset of
infants reacting to CM, because up to 40% of infants
react to both foods.'” Most infants respond well to
casein hydrolysate, and only a few require amino acid-
based formulas. Breastfeeding mothers must strictly
avoid the offending food protein in their diet. Rechal-
lenge within the first six months usually induces re-
currence of bleeding within 72 hours. In contrast to
FPIES, no peripheral blood leukocytosis is seen after
the challenge.>'* With negative skin-prick tests and
serum food-specific IgE antibody levels, food introduc-
tion typically takes place at home, with gradual in-
crease from 1 0z/day to full feedings over two weeks.**

Natural history

Infants with proctocolitis become tolerant to the of-
fending food by one to three years of age and the
majority achieves clinical tolerance by one year. Up to
20% of breastfed infants have spontaneous resolution
of bleeding without changes in the maternal diet.”® The
long-term prognosis is excellent, there are no reports of
the inflammatory bowel disease in infants with FPIAP
followed for more than 10 years.”"**

Pathophysiology

FPIAP predominantly affects the rectosigmoid. En-
doscopy reveals focal erythema with lymphoid nodu-
lar hyperplasia. Biopsy findings are summarized in
BOX 2‘48,52,55

SUMMARY

FPIES and FPIAP are common childhood conditions
with favorable prognosis; majority of cases resolve in
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the first few years of life. Diagnosis is hampered by the
lack of noninvasive confirmatory tests and tests that
identify the offending food proteins. Management re-
lies on the avoidance of the offending food and peri-
odic reintroductions.
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